Abstract Aims/hypothesis: We compared the screening performance of different measures of depression: the standard clinical assessment (SCA); the Beck Depression Inventory (BDI); the Center of Epidemiological StudiesDepression Scale (CES-D); and the Problem Areas in Diabetes (PAID) questionnaire, which assesses diabetesspecific distress. We also studied the ability of these measures to detect diabetes-related distress. Materials and methods: A total of 376 diabetic patients (37.2% type 1; 23.9% type 2 without insulin treatment, 38.8% type 2 with insulin) completed the BDI and CES-D; patients who screened positive participated in a diagnostic interview, the Composite International Diagnostic Interview (CIDI). Also, all patients completed the PAID questionnaire. Results of the SCA that related to depression diagnosis were reviewed to correct for false negative screening results. Results: The prevalence of clinical depression was 14.1%, with an additional 18.9% of patients receiving a diagnosis of subclinical depression. Sensitivity for clinical depression in SCA (56%) was moderate, whereas BDI, CES-D and the PAID questionnaire showed satisfactory sensitivity (87, 79 and 81%, respectively). For subclinical depression, the sensitivity of the PAID questionnaire (79%) was sufficient, whereas that of SCA (25%) was poor. All methods showed low sensitivity for the detection of diabetes-specific emotional problems (SCA 19%, CIDI 34%, BDI 60%, CES-D 49%). Conclusions/interpretation: The screening performance of SCA for clinical and subclinical depression was modest. Additional screening for depression using the PAID or another depression questionnaire seems reasonable. The ability of depression screening measures to identify diabetes-related distress is modest, suggesting that the PAID questionnaire could be useful when screening diabetic patients for both depression and emotional problems.
Introduction
The comorbidity of diabetes and depression is associated with adverse diabetes outcomes. Compared with nondepressed diabetic patients, depressed diabetic patients have poorer glycaemic control [1, 2] , a higher risk of multimorbidity and mortality [3, 4] , increased functional impairment [5] , and poorer adherence to diet, exercise, and diabetes self-management [6, 7] . In addition, coexisting depression has a negative impact on the quality of life of patients with diabetes [8, 9] and is associated with a significant increase in total expenditure on health care [10] . The negative effect of depression in diabetes is not only established for more severe clinical cases of depression, but can also be demonstrated in patients with mild depressive symptoms or subclinical depression [1, 2, 4] .
Approximately 30-40% of diabetic patients reported elevated depressive symptoms in self-report measures and 10-15% of diabetic patients suffer from a depressive disorder, according to clinical criteria [11, 12] .
The reasons for the high comorbidity of depression and diabetes are not fully understood [13] . Besides general demographic and psychosocial characteristics, certain diabetes-related stressors are associated with elevated depression rates in diabetes; these stressors include the presence of complications, poor glycaemic control, and treatment with insulin [5, 12, 14, 15] .
The detrimental consequences of depression in patients with diabetes are not inevitable because effective treatments for depression are available [16] [17] [18] . A prerequisite for the effective treatment of depression is the detection of depressed diabetic patients. Indeed, several guidelines for diabetes care [19, 20] recommend screening for depression.
However, experts currently estimate that only 25% of depressed diabetic patients are identified in clinical practice. Thus, timely identification of depressed diabetic patients seems to be a great challenge in routine diabetes care. We therefore investigated the diagnostic performance of different assessment methods of depression in clinical practice: the standard clinical assessment (SCA); depression questionnaires; and the Problem Areas in Diabetes (PAID) questionnaire, which is used to assess diabetesspecific stressors.
In addition to the assessment of depression, it seems reasonable to measure diabetes-specific emotional distress in clinical practice. Among patients with diabetes, diabetes-related stressors (e.g. acute and late complications or poor glycaemic control) are known risk factors for depression as well as for reduced quality of life [12, 15, 21, 22] . Furthermore, in previous research diabetes-specific emotional distress was negatively associated with effectiveness of diabetes self-management and glycaemic control while controlling for the effect of diabetes-nonspecific emotional distress, such as depression [7] . Thus, in addition to detecting depression proper, it seems reasonable to seek to identify patients with a large number of diabetesspecific stressors [7, [21] [22] [23] [24] .
Given the relevance of the diagnosis of depression in diabetic patients and the assumed strong desire of clinical practitioners to avoid multiple testing, we also examined the ability of the depression measurement tools mentioned above to identify patients with a high amount of diabetes-related distress, as measured by the PAID questionnaire.
Subjects and methods

Study protocol
All diabetic patients referred to the Diabetes Centre Mergentheim participated in a thorough clinical examination at the time of admission to the hospital. This examination consisted of a thorough interview about the patient's medical history and current symptoms; laboratory tests; a medical examination; and a review of previous medical reports about comorbidities of diabetes. Based on the results of this standard clinical examination (SCA), diagnoses were given according to the International Classification of Diseases, 10th revision (ICD-10). The [25] , and the Center of Epidemiological Studies-Depression Scale (CES-D) [26] . They also completed a questionnaire relating to their demographic and medical characteristics. Patients who screened positive in one or both of these screening questionnaires (cut-off score >10 in BDI or >23 in CES-D) were invited to a diagnostic interview. The diagnostic interview chosen was the Composite International Diagnostic Interview (CIDI). The psychometric properties of the CIDI have been studied extensively and are highly accepted [27] . Each CIDI was conducted by a psychology graduate, who was trained before conducting the interviews and supervised during the data collection by a certified clinical psychologist who was not involved in the study. To reduce expectation bias [28] , the interviewer was not aware of the test scores in the depression questionnaires or the results of the SCA. According to the ICD-10 criteria, affective disorders were diagnoses F30-F39. Complete depression data were obtained from 388 diabetic patients (74.3%), since 32 of the patients screened positive did not participate in the CIDI. The recruitment and reasons for not participating in the second stage of the study are described elsewhere in more detail [15] . 
Item
All n=376
No depression n=252
Subclinical depression n=71
Clinical depression n=53 All 388 patients were asked to complete the German version of the PAID questionnaire, which is designed to identify negative emotional responses related to various aspects of diabetes. The questionnaire consists of 20 items (Table 2) . Each item can be rated on a five-point Likert scale ranging from 0 (no problem) to 4 (serious problem). According to the recommendation of the measure's authors, the PAID questionnaire scores are transformed to a scale of 0-100, higher scores indicating more serious emotional problems. The original scale has proved its validity and reliability [7] . The German version of this scale was reevaluated and showed a highly satisfactory reliability (Cronbach's α=0.93; Spearman Brown r tt =0.93, retest reliability r tt =0.75); it also has proven construct and concurrent validity [29] . PAID questionnaires could not be obtained from 12 patients; therefore, these subjects had to be excluded from the analysis. Thus, 376 diabetic patients were included in the final analysis (Table 1) .
For the diagnosis of diabetes-related stress, a cut-off of ≥40 in the PAID questionnaire was selected to determine whether more severe diabetes-specific emotional problems were present. This cut-off score is based on a series of studies using the PAID questionnaire in European samples of diabetic patients; a cut-off score of 40 is one standard deviation above the mean of the studied population [21, 30] .
The two-stage procedure chosen-consisting of a screening procedure using depression questionnaires and the verification of depression using the CIDI only in patients who screened positive-could be affected by socalled verification or work-up bias. Thus, true positive cases with false negative screening results could not be detected [28] . To minimise this bias we checked the records of SCA at the time of each patient's admission to the hospital; we specifically monitored whether diagnoses F30-F39 were given. Thus, we were able to identify possible false negative results among the negative screened patients and to determine the rate of detection of depression by the SCA procedure.
The study was conducted according to the recommendations of the Declaration of Helsinki and was approved by the local ethics committee.
Statistical analysis
In order to identify the PAID questionnaire items that discriminate best between depressed and non-depressed patients, univariate ANOVAs were performed with several categories of depression status as the independent variables. No depression defined as a low or normal was depression score. Subclinical depression was defined as an elevated depression score, but not sufficiently elevated to meet the criteria for clinical depression. Clinical depression was defined in accordance with the ICD-10.
To determine the screening performance of the PAID questionnaire in identifying patients with clinical or subclinical depression and to identify optimal cut-off scores, receiver operating characteristic curve (ROC) analysis was used. The AUC was calculated to quantify screening ability. The AUC of the screening instrument is evaluated by comparison with the AUC of the diagonal line, which represents classification by chance (AUC=0.50).
The optimal cut-off score of the screening instrument is selected by using the score that is closest to the intersection of the ROC and the diagonal line from the upper left to the lower right side of the graph. This crossing point is usually used to locate the score and provides the optimal balance between sensitivity and specificity [31] . 
Results
Depression scores in the BDI or CES-D were elevated in 120 diabetic patients (31.9%). These patients participated in the CIDI, and 49 of them fulfilled the criteria for clinical depression according to ICD-10. Subclinical depression, as defined above, was present in 71 diabetic patients (18.9%). In order to minimise verification bias, the records of the SCA were reviewed for diagnoses F30-F39. A total of 30 patients received a diagnosis of clinical depression based on the results of the SCA. From these, 26 cases were identified through the CIDI. Evidently, four patients with clinical depression received a false negative screening result. Of these four patients, two were treated concurrently with antidepressive medication, and the other two received psychotherapeutic treatment. In these four patients depressive symptoms were concurrently in remission, indicated by negative screening results in the BDI and CES-D. In total, 53 diabetic patients received a diagnosis of clinical depression, indicating a prevalence of clinical depression in this sample of 14.1%. Characteristics of the sample regarding sociodemographic and medical variables are given in Table 1 . With the exception of the depression and PAID questionnaires, only sex showed a significant difference among the three subgroups (no or low depression, subclinical depression, and clinical depression).
The results of the assessment of diabetes-related distress are reported in Table 2 . In the PAID questionnaire, the items describing worries about future complications and hypoglycaemic reactions and feelings of guilt for suboptimal diabetes self-management scored highest. There were 116/376 (30.8%) diabetic patients who scored 40 or higher on the PAID questionnaire, indicating a great amount of diabetes-related distress in one-third of the sample. There was a significant association (p<0.001) between depression status and diabetes-related distress (proportion of patients with high diabetes-related distress: in patients with low or no depression it was 37/252 [14 Before we compared the diagnostic performance of different methods for assessing depression, we examined the screening performance of the PAID questionnaire for depression. To explore the ability of the PAID questionnaire items to discriminate among the different states of depression, univariate ANOVAs with depression status as the independent variable (no or few depressive symptoms vs subclinical depression vs clinical depression) were calculated for each of the PAID questionnaire items. The results of this analysis are shown in Table 2 . All PAID questionnaire items were able to discriminate significantly among the different states of depression. Cognitive depressive symptoms that were related to diabetes had the highest F-values.
The ability of the PAID questionnaire to screen for clinical depression according to ICD-10 was assessed by using the area under the ROC. The ROC relating to the screening performance of the PAID questionnaire in identifying diabetic patients with clinical depression is displayed in Fig. 1 . The AUC for the total score of the PAID questionnaire was 0.83±0.03, which is significantly higher (p<0.001) than the diagonal line, which represents classification by chance (AUC 0.50). A cut-off score for the PAID questionnaire of ≥38 was closest to the intersection of the ROC and the dotted diagonal line. This crossing point provided an optimal balance between sensitivity (81%) and specificity (74%). A second ROC analysis was performed to determine the ability of the PAID questionnaire to differentiate between diabetic patients with a normal depression score and patients with an elevated depression score according to one of the two depression questionnaires. The latter group comprised not only those patients with clinical depression but also those with subclinical depression. The area under the ROC was 0.84±0.22 (Fig. 2) . Thus, the ability of the PAID questionnaire to identify patients with elevated depressive symptoms is equivalent to its ability to identify diabetic patients with clinical depression. For the identification of subclinical and clinical depression, a lower cut-off score of ≥33 seemed to be appropriate (sensitivity=79% and specificity=76%).
We compared the screening performance of the PAID questionnaire regarding the diagnosis of clinical depression with the diagnostic performance of routine assessment in clinical care (SCA) and the two depression questionnaires, BDI and CES-D (Table 3 ). The SCA had the lowest sensitivity for the detection of clinical depression. Additional screening for depression enhanced the sensitivity of the screening procedure remarkably. Measuring diabetesspecific distress with the PAID questionnaire increased sensitivity to more than 80%, which was equivalent to the sensitivity of the CES-D. The BDI yielded the highest sensitivity for the detection of clinical depression. A sensitivity of >90% resulted from the combination of the two depression questionnaires, but at the expense of a lower specificity (78%). In summary, the screening performance for detection of clinical depression with the PAID questionnaire was markedly higher than that of SCA, slightly lower than with the BDI, but equivalent to using the CES-D. Positive predictive values of the questionnaires (BDI, CES-D, and PAID) were rather low, whereas negative predictive values were satisfactorily high.
The screening performance of the PAID questionnaire, compared with the SCA and clinical depression diagnoses (CIDI and SCA), in detecting subclinical depression is shown in Table 4 . The SCA and clinical depression diagnosis had rather low sensitivity in detecting subclinical depression, whereas the PAID questionnaire had an acceptable ability to detect subclinical depression. Negative predictive values for the PAID questionnaire were acceptable, whereas those of SCA and clinical depression diagnosis were markedly lower, indicating a high frequency of false negative results.
Since diabetes-related emotional distress per se has a negative impact on self-management of the disease, we studied the ability of depression measures to detect diabetes-specific emotional distress (Table 5) . Clearly, the SCA and clinical depression diagnosis (SCA and CIDI) had very low sensitivity in detecting diabetes-related emotional problems. Using the two depression questionnaires with the cut-off scores suggested for the detection of depression enhanced the sensitivity of the screening for diabetes-specific emotional problems to 49% (CES-D) and 60% (BDI); however, this procedure left 51 and 40%, respectively, of the patients with diabetes-related distress undetected. Using the combination of two depression questionnaires enhanced sensitivity to 67%. As can be derived from the negative predictive value of the different depression measures, 14.8-27.5% of the diabetic patients with a negative depression screening result displayed evidence of diabetes-related emotional distress.
However, analysis of the ROC characteristics of the two depression questionnaires demonstrated a satisfactory screening performance (BDI, AUC=0.85±0.02; CES-D, AUC=0.80±0.02), but suggested markedly lower cut-off scores than those used for depression diagnosis. For the BDI a cut-off of >7 was suggested, for the CES-D a cut-off of >14.
Discussion
Screening for depression is recommended in several guidelines for psychosocial care. This study focused on the question of the most appropriate method to detect depressive disorders in diabetic patients through the use of depression-specific measures as well as the assessment of diabetes-related distress.
In our sample, 14.1% of patients received a diagnosis of clinical depression. In addition, 18.9% of the diabetic patients showed evidence of subclinical depression; thus, 33.0% of the studied sample suffered from depressive symptoms. Although this rate is slightly higher than would be expected from the findings of meta-analyses, the prevalence of depression in our sample was close to that which would be expected from other studies of depression and diabetes [11, 32] . The slightly higher rate in our sample could be explained by the fact that the specialised diabetes centre may have attracted patients who had more problems, including more depression, than the average patient with diabetes.
The study provides an overview of different depression measures for depression screening in diabetic patients. With regard to duration, the rather intensive SCA, lasting approximately 45 min, is a relatively favourable example of current clinical practice, in which the average visit lasts between 2 and 15 min [33, 34] . In spite of these rather generous time resources, the sensitivity of the SCA for the detection of clinical depression was 56%. Although this result was far better than the currently estimated detection rate [35] , it means that 44% of diabetes patients who were currently clinically depressed would have remained undiagnosed. Since even under rather favourable circumstances the sensitivity of the SCA for clinical depression is moderate, additional screening for depression in diabetic patients seems to be reasonable. The use of general depression questionnaires can increase the sensitivity to 90%. Since the lower 95% confidence limit of sensitivity of the two depression questionnaires is clearly distinct from the upper 95% confidence limit of sensitivity of the SCA, this increase in screening performance could be regarded as substantial.
Although the benefits of depression questionnaires for depression screening in the general population as well as in diabetic patients have been demonstrated previously [36, 37] , general depression questionnaires have not been widely used, given the low detection rate of 25% in diabetic patients [35] . Researchers may speculate about the reasons for this state of affairs. One reason could be that the primary expectation of diabetic patients who seek diabetic care is to be treated for their somatic disease. Questions about symptoms, such as loss of interest, suicide ideation and feelings of guilt, have no apparent reference to diabetes [35] . Healthcare professionals as well as diabetic patients may not be inclined initially to ask or answer questions about general emotional distress or to complete depression questionnaires. The measurement of diabetes-specific emotional distress using the PAID questionnaire may provide an alternative that better fits the expectations of diabetic patients and their health-care providers.
Although the PAID questionnaire was designed originally to measure emotional problems related to diabetes [22] [23] [24] [25] , our study has demonstrated that it can be used to screen for clinical as well as subclinical depression in patients with diabetes. The AUC of the ROC, indicating the screening performance of the PAID questionnaire in detecting clinical depression, was satisfactorily high. The screening performance of the PAID questionnaire for depression in diabetes seems to be equivalent to or slightly better than that of the CES-D, whereas the BDI seems to have a slightly higher screening performance. A comparison of the screening performance of the PAID questionnaire in diabetic patients with that of the CES-D and BDI in the general population yielded a similar result [38] [39] [40] [41] [42] [43] . In summary, the screening performance of the PAID questionnaire, as a measure of diabetes-specific emotional distress, is quite comparable to that of the two specific and commonly used depression questionnaires mentioned above and substantially higher than that of the SCA.
The negative consequences of depression in diabetes are not restricted to patients who suffer from clinical depression; such consequences are also manifested by diabetic patients who have elevated depressive symptoms [3, 5, 10] . Furthermore, some prospective studies have demonstrated that non-diabetic people with elevated depressive symptoms have a six-fold higher risk of developing clinical depression in the future [44] [45] [46] [47] . Identifying diabetic patients with subclinical depression therefore seems essential so that steps can be taken to avoid deterioration of the depressive state [48] . By using the lower cut-off score of ≥33, as suggested by the ROC analysis, the PAID questionnaire seems to be as good in detecting subclinical depression as in detecting clinical depression, whereas the SCA or diagnostic procedures that concentrate on clinical depression have rather poor sensitivity.
Diabetes-specific distress, as measured by the PAID questionnaire, was most frequently related to worries concerning future complications and hypoglycaemic reactions. Although all items of the PAID questionnaire were able to discriminate among the three groups with different depression states, typical depressive symptoms, such as feeling depressed or overwhelmed, or burned out by diabetes or its management, yielded the highest F-values in univariate ANOVAs, indicating that several items of the PAID questionnaire are more specifically related to general states of emotional distress, such as depression.
As we demonstrated, depression is not the only common emotional problem in diabetic patients; many diabetic patients are also affected by diabetes-related distress. Use of the PAID questionnaire for the routine assessment of emotional problems in diabetes and in the communication of the outcome to the patients resulted in higher quality of life and reduced mental health problems in those patients [49] .
Although there is considerable overlap of patient subgroups with depression and diabetes-related distress, the two subgroups are not identical. Since diabetes-specific distress seems to have an independent negative impact on glycaemic control and self-management [7] , the assessment of these problems seems reasonable. In addition to providing an initial, non-threatening screen for depression, knowledge about diabetes-related distress could be taken into account in the formulation of diabetes treatment plans or specific interventions (e.g. providing training in blood glucose awareness for diabetic patients who are worried about hypoglycaemic reactions).
This study also investigated the screening ability of the depression measures to identify patients with a great amount of diabetes-related distress. The SCA and the diagnosis of clinical depression have rather poor sensitivity in detecting these diabetes-specific emotional problems, whereas the depression questionnaires have intermediate sensitivity. Improving the screening abilities of these depression questionnaires would require the selection of lower cut-off scores. But using lower cut-off scores implies that a great proportion of diabetic patients are screened positive, given the right-shifted distribution of depression scores in diabetic samples. Patients who are screened positive would need further diagnostic steps to find out the specific emotional problems related to diabetes. In summary, these results indicate that reliance solely on depression measures carries a high risk of not identifying patients who have a great amount of diabetes-related distress.
Finally, the methodological limitations of this study should be kept in mind when interpreting its results. This study had a two-step approach. The first step was screening for depression and the assessment of diabetes-specific emotional distress. In patients who screened positive for depression, a standardised psychodiagnostic interview was performed as the gold standard test. Such a two-stage procedure, in which only patients who screen positive receive the gold standard test, is prone to so-called verification bias [28] , which cannot exclude the possibility that true positive cases have not been identified. To minimise this bias, we enhanced the sensitivity of the depression screening by using two depression questionnaires and inviting patients who screened positive in one of them to participate in the CIDI. Given the high sensitivity of both depression questionnaires [37] , the independent probability of a false negative screening result is low (approximately <2%). Furthermore, diagnoses from the entry examination on hospital admission were checked to identify patients who were screened false negative. We were able to identify four additional patients with concurrent antidepressive treatment but remitted depressive symptoms. However, in spite of these measures, we cannot definitively exclude the possibility that there were false negative results in the depression diagnoses.
A further limitation of the study could be that the sample consisted of diabetic patients treated in an inpatient setting. Thus, it cannot be ruled out that these patients suffered from more diabetes-related distress than diabetic patients in an outpatient setting. Therefore, replication in an outpatient setting would be desirable in order to verify the suggested cut-off scores for the PAID questionnaire in the patients in our sample.
In the face of high prevalence rates for depression [11] , screening for depression is often recommended [19, 20] . This study indicates that the SCA, performed even under favourable clinical circumstances, has limited sensitivity for the detection of clinical as well as subclinical depression. Screening performance for depression could be enhanced substantially by the use of depression questionnaires or the measurement of diabetes-related emotional distress by the PAID questionnaire.
In modern diabetes care the assessment of diabetesrelated emotional problems is of great clinical utility for the improvement of diabetes outcomes as well as for quality of life [22] . Using depression measures to screen for diabetesrelated emotional distress resulted in poor to modest screening performance.
If we assume that screening by means of multiple questionnaires is regarded as unfavourable because of time and resource restrictions in clinical practice, the PAID questionnaire could be used for the assessment of emotional distress related to diabetes as well as for screening for depression in diabetes.
